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(54) GROUP-III NITRIDE SEMICONDUCTOR LIGHT 
EMITTING ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce contact 
resistances of electrodes in group-Ill nitride 
semiconductor light emitting element. 

SOLUTION: Sequentially formed on a sapphire substrate 
1 are a buffer layer 2, an n* layer 3 of silicon (Si)-doped 
GaN having an electron density of 2x10''®/cm^, an n"^ 
layer 4 of silicon-doped (AI^^Ga^ xi^i'^^i yi*^ having an 
electron density of 2x10^®/cm^, an active layer 5 of (Al^ 
*^^i-x2)y2'"i-y2'^' ^ P '^y®'" ^ MQ-doped (AI^gGa^ Jy^ln 

. .N having a hole density of 5x10''^/cm^, and a p layer 
i-yo 

7 of magnesium-doped GaN having a thickness of about 
0.2jxm and a hole density of 5x10^^/cm^. Further formed 
on the layer 7 are an n layer (current blocking layer) 8 of 
undoped GaN having a window made therein and a p 
layer (current supply layer) 9 of magnesium-doped GaN 
having a hole density of 5x10^^/cm^ having a shape of a 
letter T. In addition, a metallic electrode 10 is formed as 
contacted with the p layer 9, and a metallic electrode 1 1 
is formed as contacted with the n"^ layer 3 having a high 
carrier density. 
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(57) [gftj] 

xlOiVciii3®->Un>(Si)H-7-GaN iP?>fiKSn 
*J13. S^SS 2xlO»Vcin3CDi'';r]>K-7'0(Al 
jaGa,-;,i)yiIni.„N *?)f£-5n* JI4v (AljcjGai.^^) 
yjIni-^N A>^>jESSrga«5. 4>-;Ui§S5 xlOiVcm^ 
®MgjSin®(AlriGai.ri),3lni-y3N *»?>fi£SpB6, M 
gi^O.2 Am, 7^— ;i'Sa5 xlOiVcm^OV^/^ v-^A 

T^ffJtttJfM^nfe;i^-;L'«aE5 X lOi'/cm^Cvy^ 
i^-^i. K-rcGaN *^?.fiESp)l (m^«*&«) 9t^ 
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Umm 1 ] 3 ^a{b!|*;4^a»<*:(Al,Ga,Ini.x-vN;X=0. 
Y=0,X=Y=0 ^^ts) t^^tji^&nm&m^^inrnmt, 

#mtt®3^S{bi^^a»<$;(AUGa,Ini.x.vN;X-0,Y=0,X= 
Y=0 Sr^tf) iP?>J5£STJi*2ii*:^l3^UTmiS©iSn 

#^4^(Al,Ga,In,.x.,N;X=0,Y=0,X=Y=0*^tr) A>f,fi)cS 

m-&^M(D 3 ^Mfb!B5^2i<*;(AUGa,Ini.x.,N;X=0,Y= 
0,X=Y=0^^tf) A^?>fi£sm»?ttti^«h*^^>|ESS^>t^ 

[ifARJ@2 ] 3KM{b'^^zi«;(Al,GayIn,-,-,N;X=0, 
Y=0,X=Y=0 5:^tf) tf^'i>fJi^nmBm{±i^^-rnmt. 

2»mSO 3 MM{b!^*^i<*:(AUGavIn,-x-»N;X=0, Y=0,X= 

Y=o ?:^tf) tpiomzTm^mii?-miznLrmm(Dm.H 

^^tltzmm&(D 3 fSS^b^4i«#;(Al,GavIn,.j.,N;X= 

0, Y=0.X=Y=04^ty) 

m-&mm(D 3 K^{bt)**<*:(AUGa,Ini.x.iN;X=0, Y= 

[ifARIi3] B5IBmai5i±li«. 3KM{b!a*ji**:(A 

1, Ga,In,-x-YN;X=0,Y=0,X=Y=0 ^#tr) *^?>fie5*aH 
©*3|frJi t -f ;r >fr*,3i5!^ t J: !) iSffiK t ffM^ nfc 
«T-$. S d i: ^I^St i: -r -5 iisRiS 2 tlBfcO^^tm^o 

Hmm 4 ] 3 i^g{b!^^«<*;(Al,Ga,In,.MN;X=0, . 
Y=0,X=Y=0 Sr^tf) *^?.^CSnMe^itS*^^-rnai:. 

Bul3fl5S^^eii, 3 Kg{bi^*«<*;(AUGa,In,.x.vN; 
X=0,Y=0,X=Y=0 Sr^tf) A>?)fi£5*6^t4iii29tt:gt*5VA 
t«?5t®m5®fl»ttfflS15:9-;'£lt p^fb^tvt^ 1 Sffi 

(omti^m^izifpmit^ix. ^mmmtm-^t^^ 



[0 0 0 1 ] 
[0 0 0 2] 

[0 0 0 3] 

ss*s^<'5:!3x mm^mi!}^mmr-^r:>tzo um*^ 

fZo 

[0 0 0 4] *^^j±x ±mmmim^-r?>fzii>izfSi^ 
ixtz^cDr-^f). ^(Dsmt. smmittm^mi^ti^^m 

RitE i: -r 5 i: ic^^ 5: ;^^{b ^ S c -r- 5 , 
[0 0 0 5] 

imm^m^TZtzifxo^m] W^il l t:fB«®^B^ 

J±> 3JSg{bf3^ei#;(Al;,Ga,In,-x-,N;X=0,Y=0,X=Y=0 

^^mt^mrz^^m^izai^r. mmm^mt:. m 

m.^(D 3 KgYbi^iii*f*:(Al,GayIn,-j.,N;X=0,Y=O.X=Y= 

JSWtt ® .^gP S: > T ^ © TB ^a»{*;« b T ffJfiE 

$tv. RTg^»f*:^i:M*5e«M0 3Kg<bi^4i^ 
«:{Al,Ga,Ini.x.,N;X=0,Y=O.X-Y-0 S:#tf) ti^^^S^Zm 

mm±mt. m^&ummm±m±izmfSi^ti. s?gp<£ 

M® 3 Kg{bi^4i#«:(Al,Ga,Ini.x-,N;X=0, Y=O.X=Y=0 

[0 0 0 6] m^m2<DmMits mmm^mt:. m 

Utt® 3 K^fbife^#i*(AUGaYln,.,.,N;X=0, Y=0,X=Y= 

mmtk(Dm^^m^x^(DTm^^mt^mizm-^[.-cmm 

$nfe«6i^S® 3KM<bia^2»i*:(Al,Ga,In,-x-,N;X=0, ' 

Y=o,x=Y=o *^tr) i?^m^mmm±mt. muRv^m 
mm±m±izmm^ti. msi^-fYLrrm^mi^mtm 
■kL. Tm^mi^mtm-&mm(D3mmit!^^mi^u 

l,Ga,In,.x.,N;X=0.Y=O,X=Y=O^:^tf) d^^fKSSgttt 

i^mi^r-msHLfzztr-ti^o 
[0 0 0 7] X, m^mscD^BMit. mm.m±mit. s 

glM^bt)4i2§«:(Al,GayIn,.x-YN;X=0,Y=0,X=Y=0 4^ 




[0 0 0 8] $f>t. mim.^(Dmm. zmMw.'^^ 

^<*:(AUGa,In,-x-vN;X=0,Y=0,X=Y=0 ^^tf) ts^hU^. 

gt ES 4 Wtt $15 ^ ^ -y- S t «) ® s ^ ® i: ^ * t- s 
l,Ga,In,.x-sN;X=0,Y=0,X=Y=O 4^tr) fiK S Sgi^S 

pM^b^tv-rts-pfe^fii^tt 
tmiScDsnsas^fcttpM^b^n. ^sseiiig^t- 

[0 0 0 9] 

S<b1^)4i2»fr|5l^£®}g^i:^d:t). 'i«*®J:a{c. ^Si; 

nsfc©. /£ffitttifl5^£T-t-5fcs>^ams®}gMSJa; 

< -r S C h As-e ^ S«{Z^I^*WlSiJ-r S C i: AST- ^ 5o 
tJe-r>T. u— !f^3i^l^T;l^^^^RJtgi:^-5Ci:A5T- 
t 5 i: SMSfb-r .5 c i: AS njtg i: 7&: 5 o 
[0010] ii^ii 1 T-ii. msSEJiiJi ii^mttTli^i 
*<*;«i:A5png^-r-JfJfi£$tuTV'.5®TN S^i^gt 

<tt»amsffi*ia±-rsci:AST-tSo $15.13. ii^icii 

2 T-(i. 3 iSMib!^^a»ft:(±^»J^^1AS:;*; # V^c: i: A- 
^*i6ia®M^ftnoJ©-&tii. iSS}jt^A5i#?>nSo 
X. ^i'-bT-^ h--r®a^t(ipM{b-rsci:*<> 
instate 'fe.S®TN m«SIE±®&€®1t^rf)lT-ff5fiE-rs 
C i:T-SiS*ia±-rs C AST- § 5o 
[0 0 1 1] $e.{C. iS*]S3®^B^T-li. 

*:Mt-ff5fi2U, ^®JltCJ;!5mSt4E±-rsCilAST-t 

S. $A,tc, ii*iS4®^B^T-tt, ^5fl mx.\t. y 

y^i/';7A) ®?FJiei|*)*^SDLfe3g|g{b!ai|iaS!i*:ii« 

-TSChASpJtgT-feSc J;t>t. c:®®S{cJ;ti. Si 
mSlt«J&/ii:S2mSfttt*&«i:<£Jgfi!cL. mgE^S^gB^ 
4iBI-^j|tM®4ia9<*:-C-fflfi!cLfcm 1 msftttS&iliim 2 
mgS««&Si:®^|^i:-r-5c:i:AST-^SOT-v -^cgp^ 
® SJa S: 'J^ ^ < -r S i: As-r- ^ S o 
[0 0 12] 

B^rS. 01 t:feV'>T. ilia»<*:^-if 1 0 0{i.>77 
-f yStSl S:^LT*5!3. T-f rStg 1 ±(C50 

0 A®A1N ®>'^>> 7 T® 2 AsjfjfiE^nTVSo ^(Dn^)^ 



4^H^9 - 2 4 6 6 7 0 




xlO'Vciii3®v'j3>(Si)H — rCaN A»?5BgSiS=^-\' U 
rSJgn*B3, Mff*>)0.5 //m. m^iSa ZxlO'Vc 
m3®->ijn> K-r®(Al„Ga,.,i),,In,.y,N A»?>fi£S 

m®(Al^Ga,.^)rtIn,-y2N A> ^.fiKSfStSJI (^^«) 
5. MP*<]1.0 /^m. *;-;USS5 x 10>Vcid»© x'l/* 
v';7A K-7"®(Al;^Ga,.rf)y3lni-,3N A^?.fiKSpa 
{.fp^p-jYM) 6. Mff*^0.2 >um,:^-;USS5 x 10 
iVciii3®vy:^->'i7A K— 7'®GaN A»f,fiESpJi 
^^bS) 7ASJfM$nTV>S. pB7ASaiS&®TB 

[0 0 13] S^^tT*ffJttlCjfM$nfe:^-;USS5 
xl0>Vcin3Ovy^->'i7A H-r®GaN A^?)fi£SpJi 
(m^tttl&M) 9 i;^i^»M^iP®GaN A^?>fi£5n;i 
(mSSISitH) 8AS.^al5A5:^V^TJBBE$nTV^5c ^ 

h\z. pastg^-rs^sssii oi:iis=3p^>J7Sg 

n*;i3t?g8S-rs^feMm^l l i:A5ff«fiK$nTl>S. 

[0 0i4]<J:tr. c®Sia®**<*;u— tf 1 0 0®SJ 

ji:^^tCol^TMftB^■r-5c ±IB^a»f*:V-1f 1 0 Oii. 

^«^M<b^t)^tifi£ft?S( j-:jit ""MOVPE j i:ia-r) \z 

>*^y' (NH3 ) i:*-^'Jr:tfX (NaXliHz) i: h U p< 
5^;u>iJ';'i7A(Ga(CH3)3) (WT riMG j iilBf) i: h >J 

p<5=-;i'r;i'^-'>A(Ai(CH3)3) (wt rTM j i:fB-r) 

';;^^;i/^> y'^A(In(CH3)3 ) (JilT ""TMIj tlB 
■r) i:. i'^>(SiHj^i?^^S^(Zn(C2H5)2) (Jil 
T TDEZ J i:f3-r) i^i' D-^>^ i;x:^;u vi';?^ iz-^ A 
(Mg(C5H5)2)(J-ilT rcPjMg J i:l3-r) T-feS. 

[0 0 151 s-r, ^^jJtji^stf^saiitcj^oiJtitbfc 
s®s^£;^tcffig$nfc-tJ-tr^'tc^«-rso e>:tc. s 

£ET-H2*iffiig2 liter/^T-S/Sgf3SStL'feAS?>gS1100 
•C-etJ- 7 7"f TSffi 1 ^ > Lfco 

[0 0 16] iRt. 0 2 (35'x-r<t^(3. SSS: 400°CS 
-C-fiT^-^T. H242O liter/^. NH3 5:10 liter/ 

TMA S: 1.8xlO-5^;i//:a-T-««i&UTAlN ®>'n-';'7 
7'g2 ASiKj 500A®jp$tfl5JEK$nfc. iJ:iC> +^7 7'f 
rStSl®SJS41150'C{I«J#L. )PJ?*^2.5 //m. m 
2xl0iVcin3®i''J^>(Si)K — roGaN A^^J^K 
^ig*-^ 'JriiSn*M3S:Jgfi)cLfeo 
[0 0 17] ^^^■r^ ■tJ-^T'TratS l®jgft5:850 'C 
NzXIiHzSilO liter/:^5-. NH3 5:10 liter/ 
THG ?:1.12xl0-^^;i//^, TMA 40.47 x IQ-^^;!/ 
/:«-x TMI 5:0.1 xlO-'^:;u/^. St/t. i/v^^lOx 
10-9^;U/^5i^60^PaaiAb> Mff*^0.1 >um. jgJK 
1 X 10iVciii3®J/ >; 3 > K — r®(Alo.47Gao.53)o.9ln 
o.,N A'e.)^Sia+i'V7'«jan*)14 5:ff5fi£Lfc. 
[0 0 18] ggl^T. SSS:850 •CtCfSJf Nj^iJiHz 
410 liter/:^. NH3 410 liter/:^-, TMG 41.53x10 
TMA 40.47xl0-^^;U/:S-. TMI 40.02x 



0"» w 

o.o9Gao.9))o.99lno.oiN 5 5:JB^SU 

[0 0 19] m^^r. MBL^mo'cizm^L-. Hz^i^^i 

*10 liter/:^-. NHj 5:10 liter/:9-. TMG ^1.12x10 

TMA ^0.47xlO-4^;i//:&. TMI 5:0.1 x 
10^^;U/^9-. SU^. CPjMg <£2 xlO-^^fU/^^mZ 
0 iljpil^l.O /zm0^y^v>j;A(Mg) h-- 

7'®(Alo.47Gao.53)o.9lno.iN 6 ^JBfSU 

fee pJi6©v^y*i/'i7AcDjia[{il xl02«/cni3ffe 
5, COtt^T-lix pM6{±. S/tv StfiJ^lO' QcmW 

[0 0 2 0] <*{C. Sje*1100*C{C«J#L. NzXiiHz* 
10 liter/:9-. NH3 *10 liter/^. TMG ^£1.12x10-^ 
^^Iz/^a-. CPzMg 5:2 xlO-^^;u/^$:*U3O:0-r^2»A 

e.fi!c5pS7 5:}i5J5£Ufeo pS 7® v-^/^i"^ AOjgS 
iil xlO^Vcm^T-feSo C©ttSgT-i±> p^7ii. t 

[0 0 2 1 ] iJclC. UStiUOO'ClZ^i^L. NzXfiHz* 
10 liter/^. NH3 SIC liter/^^ TMG *1. 12x10"* 

^;u/^4iK)i5:&^a!iAb, pm7(o±iz-miz. mm 

[0 0 2 2] m 3 {C5^-r <t a 8 ©.^gPA 

fe, mzs m4izm-rji^iz. sssiioo'Cfusjtb, 

NzXtiHz^rlO liter/^. NH3 5:10 liter/^Q-. TMG t: 
1.12xl0-4^;i//:9-. CP2Mg$:2 x 10-*^ ^*^j30 
:9-F^^Ab. JMJP*>J0.2 yUmO x'</;*.->'l7A(Mg) h'-r 
OGaN *>e>]ESSpa9*ff^fiSbfc. pl9 0x'<5^;f.J'>i7 
AfflgjgJil Xl020/cm3T-^5. CCDtt^T-Jiv p^9 

[0 0 2 3] m^)^.^M^M*fflV^Tx p^9. 

n«8. p;i7. pli6{C-«lcm?^^*SB|tbfe. « 

tr— ACDi^l&3tJS0.2iinD/sec . bT— Ag6O//m0. 
gS.O xlO-5TorrT-^S« c:om^J^®HgWlCJ: t) . p 
Ji9. pi 7. pJI6Ji. ±T^ t^-)l'mS. SxlO'Vc 
ffiiiJl^ 0.8©pe«M4i«<*;i::^j:^fco ZCDJ:oiZ 
bT. la4{c^^ri^*#S«3g®':>^>'^*5f#e>^^fc<, 

1^. n;i8i±m^^*5MiJ$nTt). GmmRum^^ 

[0 0 2 4] iRic. 7;t h 'J ^y^^t;.*: t). 0 5 {Z^^ 

rxoiz. mi^Tiktm^vVTmmn' msiznr^ 

mSil ICffJfiXSBt&tCjJl^T. p®9. n®8. pg 
7. p^6, ^^teS. n*^4*. x-;;^>y{C J: tj 
^5Sb, n* g3©ffi$-gBSdJ^^i-to <*{C. Ell t 

n<-rx-oiz. pmscommi o. n* mscommi i ^ 



!^mW-9 -2 4 6 6 7 0 




[0 0 2 5] ^(D'ik. ±m(DZt<mm^titzO:cjs 
It. ^m^mizwm^tl. J^y^>'yiZj:.i)i±m 

mmome^m. miizTjkrmj^cD^mi^i'-v^mzo 
[0 0 2 6] ±si.(Dmmmx-it. s«siaihs©nji8® 

SaPA?::ii.^^>y^ibfe»tC. m«Stt*&li®pli9 

-miz%mmm.iz^i)mmLtco b*»b. pS7© 
r<t^ic. ^fl&jf5tto5egi5A©*6i^M2 o^sbT. ite 

igM^^i^^y^XJ'b^ €©at. -t$t«^i)D®GaN* 
ff$J5XbT*>mv>, C©^. Si02*^^.fiESMi^M2 0©± 
{l(±GaN *Sfi£:Sb:ftV^©•t-^ nJi 8 liH 7 ©^tzff^fiK^ 
*©^^ ifiei^M2 0*x>^^>^^-r-^*bfc^. 

m?iS0t«&Ji-r-fe« p® 9 *ff^fS-r s J; d bT ^)^v^, 

[0 0 2 7] X. ±f3lli6^JT-l4. mffiE±Mi:bT© 
nji8lCi±«?§iD©GaN Si^©K^-^«i£ 
!^«:^fiPbT. i^aHm^CnfiaHMilbTtmt^. 

[0 0 2 8] ^4>tC. StSia±B<±x ±f3©S^i^,^M 
ICJ: t) pM{b$n'5:V>Zn^ori7-b7^^Si6!aS:ggiDb 

feGaN *«ei^t4tjfjfi£b-rt.^i>o X. pmititm 
^iz. mm.m±m tmmmii^mizit. GaN ^^v^stv^ 

SAS. AE^SifiElt© 3 7Cv 47C^®AlGaInN 5:fflV>Tt 

Av^. pM7 ha«iS#t*&«-r-feap)i9-r-ii. f^mcom. 

mttifimtt^Xij. |5l— J^-^i/SJKJi^b 

<-r5®*5Sis bv-'o 

[0 0 2 9] f^znmmiz-Di^^xmm-r^y. mi 
mmm(Dm7 ^xnmr^o mb, ^ i ^sEfi^j® ji 6 , 
mut. y^nmmx-ii. ±mzm-oxpmit^i\r^m 
tt-efe-50T% 118 me, iii7i:b 
xmrn^tixi^^o mz. Mg^vi!)D®GaN tp^^^mi i 

®±IC. S 1 nrnmcDM 9 i:|5]^:^w:Mg^in®GaN A>4,l5ic 

5^3 o^mmt^. <J:tc. ngsc^N^jidJc. Ji3 0 
®±t^wffjtt®sgi5A$:SbT, ^mms i^mr 
So ^b-r. c®tt^T-x mmmmtm-^i'i'x: m 
^m^m 16. 17. 3 otMit-rso ^mm 

3 I*s#ffi-r5^^l4. ,^a5A4a 

LX0?)^. m^f^ti^Tm(D'&mi::mM^ti. mioizm 
ttji?>o zcDU^Btmimm^.i^mttjiio zcD^m 

-So 

[0 0 3 0] mz. nil izukt^ oiz. m3o ©±c 

.^AJ:^)^4+»{Cj[£^^S^:^^^T. 0 9i:l^»lc, 
M3 2?:ffjfi£b, ^(D^mim3 2^-77.^7 tLXm^f^ 

^mmt^o co^, ftP3imES:<£< bt, m^i^*^^ 

3 0 J:!3gi?<gigb^ei->J:-5lC-rS. CtlJ:t). 1112 

tc*-rj:-5t:. 13 o®^®m*c«pe^?^i:^rfs. 
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miS.ct^f^2m,mmi^mtii^o mi 6. 17. soic 

[0 0 3 1 ] <^:ic. ^3*S6fl«J(coi^TittH^1-So ^2 

zmr-. M7. 3 0ji. Mg^SDCDGaN T-ss. <^r^c. m 
^^^MWLT. JI6. 7. 3 o^p&mmfr^o ^ 
iz. mi 4izijiriioiz. m3 o(D±izmm^cD^^A 

lZ(D^y:thViy7.h3 3iBsS.l'tzo mz. 

x^m^mi^r. si+ -r ;i->5:SPji^*;i'^-3i0Kev, 

?£AM5.4 xl0"ion/cni2 -C-aXUfeo Si* -f :t>Otf 
T-fe5. c:cDJ;dJcLT. 0 1 4tc?s1-J;-?tc. 113 0 

mzmi&iA^mEm^BSi^ixtio ccDigsjn;^j^E*sm 
[0 0 3 2] 1^, ±mnmm-c-itm^iAmmE ^mm-r 

5ci:T-x h-i—fri7-byi'v^}vrs(Dmwizjii>m 

[ll®0fam«:lttB^] 

[01] *%W®S^*;e«J'5:^ lSI«i^f|J^C^54i^»^^:^- 
■!fO«^KS:^U/fc«fiEla. 

[02] lRlSISEfi^J®*2i<*:U-— tf®]^iiX?i$:^Ufe»f 



[117] mimmmcDmmizi)^t^^^mii-\^—^(Dm 

[US] ^2 5IJE0iJ©*2»«:U— tf®5^iix?i?:^xUfc 



[0 3] |3lJl^i6^^lJ®*^i*:^-^f®g^jiixa*^^^b5fe^ 

S0. 
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